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I.  INTRODUCTION 

A.  Necessity  of  Testing  Protective  Coatings 

The  extensive  use  of  zinc  as  a  protective  coating  for 
iron  and  steel,  and  the  ever  increasing  number  of  methods  for  the 
production  of  such  coatings  has  made  essential  some  method  of  test- 
ing the  efficiency  of  the  product.     Since  mere  outward  appearance 
can  not  be  relied  upon,  as  it  is  not  always  indicative  of  the  true 
merit  of  the  coating,  and  since  actual  trial  service  tests  which 
would  of  necessity  require  months  and  even  years  of  time  are  obvi- 
ously out  of  the  question,  a  method  of  rapid  testing  is  necessary. 
Several  such  methods  have  been  proposed. 

B.  Tests  Now  Used 

The  most  important  of  the  tests  now  used  consist  in 
stripping  the  zinc  from  the  underlying  metal  by  means  of  some  suit- 
able reagent  so  selected  that  the  end  point  will  be  apparent.  The 
Preeoe  test  consists  in  subjecting  the  article  to  a  series  of  im- 
mersions in  a  standard  copper  sulphate  solution,  taking  the  num- 
ber of  one  minute  dips  which  the  specimen  will  stand  before  an  ad- 
herent form  of  copper  is  plated  out,  as  indicative  of  the  life  of 
the  material.    Walker*  devised  a  test  in  which  the  stripping  re- 
♦Patrick  and  Walker      J.  Ind.  &  Eng.  Chem.    3,S4e  ~~ 
agent  is  lead  acetate  and  the  loss  in  weight  is  taken  as  the  weight 
of  the  coating,  the  assumption  being  that  in  general  the  resistance 
of  the  coating  to  corrosion  will  be  in  direct  proportion  to  its 
weight.  Another  test*  which  has  been  proposed  by  the  same  man  employs 
jj  W.  H.  Walker      Proo.  Am.  Soc.  Tstg.  Materials  9,431 
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a  solution  of  caustic  soda.     If  a  specimen  is  submerged  in  a  hot 
solution  of  caustic  soda  a  stream  of  hydrogen  bubbles  will  be  seen 
coming  from  any  point  at  which  the  iron  is  exposed.    Burgess*  pro- 
*~~C.  F.  Burgess  "^Electro  Chem.  &~Met~~Ind,        3,  17~ 
posed  a  test  in  which  the  rate  of  hydrogen  evolution  is  noted 
when  the  sample  is  treated  with  a  dilute  solution  of  sulphuric 
acid,  the  theory  being  that  the  time  for  this  rate  to  reach  a 
maximum  will  be  in  direct  proportion  to  the  resistance  of  the 
coating.    Capp*  of  the  General  Electric  Company  has  recently 
♦  J.  A.  Capp  MetaT^iaustry  13,  303 

suggested  submitting  the  sample  to  a  fog  of  saturated  sodium 
chloride  solution,  the  appearance  of  rust  indicating  the  fail- 
ure of  the  specimen. 

C.  Purpose  of  this  Study 

The  Preece  test  which  is  the  oldest  of  these  tests  has 
been  the  object  of  a  great  deal  of  criticism  from  both  producer 
and  consumer.    In  spite  of  the  fact  that  the  other  tests  have  been 
proposed  largely  as  a  result  of  this  general  feeling  of  the  inad- 
equacy of  the  Preece  test,  it  remains  the  only  test  which  is  used 
to  any  considerable  extent.     There  is  to  be  found,  however,  no  da- 
ta comparing  the  results  of  these  several  tests  with  each  other, 
and  with  actual  service  tests,  which  are,  of  course,  the  final 
standard.    One  seeking  a  method  of  testing  which  will  indicate  the 
true  relative  life  to  be  expected  from  a  zinc  coated    article  is 
at  once  confronted  with  uncertainty.    The  first  purpose  of  the 
present  work  is  a  comparative  study  of  these  and  such  other  methods 
as  may  suggest  themselves,  checking  the  results  against  actual  ser- 
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vice  teste.  Secondly,  a  study  of  the  variable  factors  involved  in 
the  tests,  with  the  hope  of  finding  some  modification  of  the  pres- 
ent tests,  or  some  new  test  which  will  be  reliable  and  satisfact- 
ory to  producer  and  consumer  alike. 

D»  Outline,  of  the  Investigation 

Samples  of  six  different  brands  of  galvanized  sheet  iron 
and  of  six  different  brands  of  galvanized  iron  pipe  or  conduit  were 
submitted  to  actual  exposure  tests.     Samples  from  these  same  mater- 
ials were  tested  in  the  laboratory  by  the  methods  mentioned  above, 
and  by  various  modifications  of  these  and  other  methods. 

E.  Summary  of  Results 

1.  Comparative  data  on  the  tests  now  used  have  been  assem 

bled. 

3.  There  is  quite  a  considerable  variation  in  the  results 
of  the  different  tests,  but  until  the  exposure  tests,  which  give  us 
the  final  standards,  are  finished,  it  cannot  be  said  which  one  of 
the  tests  is  most  reliable. 

3.  The  substitution  of  such  salts  as  ammonium  chloride 
for  the  sodium  chloride  gives  quicker  results. 

4.  A  new  test  called  the  wet  and  dry  test  has  been  de- 
vised. 
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II.  EXPERIMENTAL 

A.  Materials  Used 

The  materials  used  were  secured  directly  from  the  com- 
panies indicated. 
Sheet  metal . 

Two  different  weights  of  the  same  brand  of  galvanized 
sheet  iron  were  used.    There  were  two  sheets  24"  by  96"  of  gauge 
24  and  of  gauge  28.    These  sheets  were  further  reduced  in  size  and 
the  smaller  pieces  used  for  the  tests.    The  size  of  the  specimens 
used  for  the  service  tests  was  24"  by  24",  while  those  used  for 
the  laboratory  tests  were  about  3"  by  6". 

The  brands  represented  were  as  follows: 
"Ingot  Iron,"  hot  galvanized,  Gauge  24  is  sample  A,  28  is  AA. 

from  Inland  Steel  Co.,  Chicago. 
"Toncan  Metal,"  hot  galvanized,  Gauge  24  is  sample  T,  28  is  TT 

from  Stark  Rolling  Mill  Co.,  Canton,  0. 
"Armco,"  hot  galvanized,  Gauge  24  is  sample  R,  28  is  RR. 

from  American  Rolling  Mill  Co.,  Middletown,  0. 
"Apollo  Best  Bloom,"  hot  galvanized,  Gauge  24  is  sample  B,  28  is  BB. 
"        from  American  Sheet  and  Tin  Plate  Co.,  Pittsburgh,  Pa. 
"Apollo  Best  Bloom,  Copper  Bearing,"  Gauge  24  is  sample  C,  28  is  CC. 

hot  galvanized  from  same  source  as  sample  B. 
"Lohmanized, "  hot  galvanized  by  Lohmanizing  process, 

DeForest  Sheet  and  Tin  Plate  Co.,  Niles,  Mich. 

Gauge  24  is  sample  L,  28  is  LL. 
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Galvanized  pipe  or  conduit. 

The  pipe  or  conduit  used  in  these  testa  was  of  the  brands 

excepting  samples  A  and  K. 
indicated  below,  and  was  obtained  directly  from  the  companies  noted  X 

The  length  of  the  pieces  used  for  the  exposure  tests  was  21,  and 

that  of  the  samples  used  for  the  laboratory  tests  about  6".  These 

pieces  were  obtained  by  cutting  the  longer  lengths  withja  power  hack 

saw. 

The  materials  used  were: 
2  -  10»  lengths  of  3/4"  "Sheriduct "  Sherardized  Conduit,  Sample  B 

from  I.  A.  Bennett  Co.,  Chicago,  111. 
1  -  10'  length  of  3/4"  Electro-galvanized  Conduit,  Sample  S 

from  Sprague  Electric  Works,  Chicago,  111. 
2-10'  lengths  of  1/2"  Electro-galvanized  Conduit,  Sample  P 

from  Pittsburgh  Electro  Galvanizing  Company, 

Pittsburgh,  Pa. 

1  -  10 1  length  of  1/2"  Electro-galvanized  Conduit,  Sample  A 

from  stock  being  used  at  Chemistry  Building,  manu- 
factured by  Safety  Armourite  Conduit  Co. , Chicago, 111. 

2  -  10 1  lengths  of  Electro-galvanized  Conduit,  Sample  W 

from  Western  Electric  Co.,  Chicago,  111. 
1  -  20 1  length  of  common  galvanized  gas  pipe,  Sample  K 

from  University  plumbing  stock. 

B.  Microstructure  of  Galvanized  Iron 

A  brief  study  of  the  microstructure  of  Sherardized,  Hot 
Galvanized  and  Electro-galvanized  iron  was  made.  Considerable 
difficulty  was  encountered  in  trying  to  prepare  the  specimens  for 
microscopical  examination,  because  of  the  difference  in  the  hard- 
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ne  88  of  the  iron  and  zinc.     It  was  found  that  the  softer  zinc  would 
invariably  polish  away  first,  so  that  the  line  of  union  between  the 
iron  and  zinc  would  be  rounded,  and  hence  a  perfect  focus  in  the 
microsoope  impossible.    To  avoid  this  diffioulty  the  specimens  were 
imbedded  in  T/ood's  metal  but  this  was  found  to  be  too  soft  to  pro- 
perly protect  the  edge  of  the  specimen,  and  little  or  no  better  re- 
sults were  obtained  by  its  use  alone. 

The  need  of  a  low  melting  alloy  with  a  hardness  approach- 
ing that  of  iron  became  apparent,  but  due  to  lack  of  time  the  devel- 
opment of  such  an  alloy  was  not  attempted. 

The  best  results  were  obtained  by  clamping  two  or  more 
specimens  together  so  that  there  were  two  of  the  galvanized  edges 
fitting  closely  against  one  another,  then  while  the  clamp  was  still 
in  position,  imbedding  the  specimens  in  Wood^  metal,  using  a  ring 
of  pipe  as  a  mold  and  a  binder.    The  iron  pipe  was  not  later  removed 
for  it  was  found  to  be  an  aid  in  getting  a  flat  surfaoe.     In  spite 
of  all  these  precautions,  and  the  fact  that  the  polishing  was  done 
with  the  polishing  papers  lying  on  hard  plate  gla-ss,  a  certain  amount 
of  relief  polish  was  always  obtained.    This,  of  course,  gave  a  pic- 
ture which  was  not  as  clear  as  desirable,  if  the  magnification  was 
high. 

The  specimens  were  etched  very  slightly  in  a  solution  of 
Iodine  in  Potassium  Iodide.    The  pictures  shown  in  Plate  1  were 
made  with  a  Leitz  "MicromeSallograph*1  outfit.    The  light  was  dif- 
fused with  a  colored  ground  glass  screen,  and  the  plates  used  were 
Cramer^  Double  Coated  Isochromatic  Instantaneous.    The  negatives 
were  developed  in  Hydroquinone  developer,  and  the  prints  made  on 
Cyko  Glossy  Professional  Paper  and  later  squeegeed. 
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An  examination  of  the  photomicrographs  will  reveal  the 
fact  that  there  is  a  variation  in  the  structure  of  the  various 
samples,  differing  with  the  method  of  producing  the  coating.  It 
is  not  the  purpose  of  this  work  to  consider  the  structure  from  a 
standpoint  of  analyzing  the  different  alloys  of  iron  and  zinc  which 
do  or  do  not  exist  in  the  various  coatings.    The  pictures  are  pre- 
sented simply  to  show  that  there  is  a  difference  in  the  structure 
of  galvanized  coatings  which  have  been  produced  by  different  pro- 
cesses, and  that  in  consequence  of  this  fact  the  resistance  of  the 
coatings  to  corrosion  does  not  depend  alone  upon  the  weight  of  the 
coating  produced,  or  upon  the  perfection  of  the  surface  of  the  coat- 
ing.   Any  test  then  that  is  based  upon  the  weight  of  the  coating 
alone  would  be  unreliable,  and  any  test  which  depends  upon  any  other 
phenomena  than  the  actual  failure  of  the  specimen  as  indicated  by 
the  appearance  of  rust,  showing  the  corrosion  of  the  underlying  iron, 
would  at  least  be  subject  to  doubt  in  so  far  as  it  is  taken  as  in- 
dicative of  the  length  of  life  of  the  material  under  examination. 


PLATE  I 
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C.  Exposure  Teste 
Sheet  metal. 

The  specimens  of  sheet  metal  which  were  used  for  the  ex- 
posure tests  were  made  about  two  feet  square,  and  were  nailed  "by 
ordinary  galvanized  roofing  nails  to  a  rack  made  from  pine  timber. 
These  racks  were  about  six  feet  long  and  held  three  specimens  on 
each  side,  so  that  each  rack  represented  a  full  set  of  samples  of 
one  gauge.    Any  damaged  sides,  resulting  from  scratching  in  ship- 
ping, etc.,  were  placed  toward  the  inside  of  the  racks,  and  there- 
fore the  corrosion  of  the  inside  of  these  sheets  might  not  repre- 
sent the  true  resistance  of  the  material.    Figure  1  illustrates 
the  construction  of  these  racks. 

On  February  8th  a  full  set  of  these  metal  sheets  was 
taken  to  the  Big  Four  Railroad  Shops  in  Urbana  and  suspended  from 
a  beam  near  the  top  of  the  Round  House,  where  they  would  be  expos- 
ed to  the  corrosive  action  of  steam,  smoke,  etc.    Another  set  of 
samples  was  taken  the  same  day  to  a  lot  in  a  residence  district  of 
Urbana. 

Pipe. 

Wooden  racks  of  the  type  indicated  in  Figure  2  were  made 
to  hold  the  specimens  of  pipe.    Each  rack  held  six  specimens  each 
twenty-four  inches  long.    No  metal  was  allowed  to  come  in  contact 
with  the  pipe.    The  specimens  had  at  least  one  cut  end,  and  no  at- 
tempt was  made  to  protect  this  end  because  such  conditions  are  nec- 
essarily present  in  actual  service  conditions. 

On  February  8th  one  rack  was  suspended  from  a  fire  es- 
cape on  the  Chemical  Laboratory,  another  was  suspended  in  the  Big 
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Four  Round  House  mentioned  above,  and  a  third  wae  placed  in  one  of 
the  University  green  houses,  where  a  high  humidity  is  maintained. 

Results. 

Sufficient  time  has  not  yet  elapsed  for  the  results  of 
these  tests  to  be  apparent.    The  data  giving  this  information  will 
be  added  later. 

D.  Laboratory  Tests 

1.  Preece  Test-  a.  Results  with  Standard  Samples. 

The  standard  copper  sulphate  solution  was  prepared  by 
dissolving  commercial  copper  sulphate  in  tap  water,  treating  the 
solution  with  an  excess  of  copper  oxide,  filtering,  and  diluting 
to  a  specific  gravity  of  1.185  at  30°  C.    The  temperature  of  the 
solution  during  the  reaction  was  held  at  30+1°  C,  by  surrounding 
the  vessel  containing  the  copper  sulphate  with  water.    100  cc  of 
solution  were  used  for  each  specimen,  and  only  one  specimen  was 
treated  with  the  same  solution.    The  copper  was  brushed  off  with 
a  stiff  brush  after  each  immersion,  and  the  specimen  thoroughly 
washed  in  running  water.    The  end  point  was  not  always  clear,  but 
the  sample  was  not  recorded  as  having  failed  until  it  was  certain 
that  an  adherent  form  of  copper  with  the  characteristically  bright 
color  had  plated  out.    Frequently  the  copper  would  not  adhere,  un- 
til after  several  dips  following  the  appearance  of  what  seemed  to 
be  the  surface  of  the  iron.    As  no  attempt  was  made  to  protect  the 
cut  edges  of  the  samples,  the  plating  out  of  copper  on  the  edge 
and  extending  a  quarter  of  an  inch  from  the  edge  of  the  sample  was 
not  counted  as  a  failure. 
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Table  1  (Concluded) 

Specimen  Number  of  Dips  Relative  Rank 

three  trials 

TT  5         4         5  5 

RR  4  4  5  6 

b.  Effect  of  a  change  in  the  temperature  and  concentration 
of  copper  sulphate. 

In  order  to  determine  the  influence  of  concentration  and 
temperature  of  the  copper  sulphate  in  the  Preece  test,  and  thus  get 
some  definite  idea  of  the  accuracy  with  which  these  factors  must  be 
controlled,  about  forty  samples  of  galvanized  sheet  iron  from  the 
same  large  sheet  were  prepared.    These  samples  would  presumably  be 
as  near  identical  as  it  is  possible  to  get  them,  and  it  was  upon 
that  assumption  that  the  conclusions  noted  later  were  drawn. 

For  these  tests  100  cc  of  solution  were  used,  the  con- 
taining vessels  being  beakers  of  such  size  and  shape  that  the  sol- 
ution filled  them  to  a  depth  of  about  two  inches.    Two  samples 
were  run  through  the  same  solution  in  order  to  find  the  result  of 
using  the  same  solution  more  than  one  time.    The  beakers  were  sur- 
rounded by  a  bath  of  water  at  a  slightly  lower  temperature  than 
that  of  the  copper  sulphate  solution  in  order  to  help  maintain  the 
temperature  of  the  solution  at  20±1°  C. ,  for  the  reaction  was  found 
to  be  exothermic. 

The  point  of  first  failure  was  usually  in  the  "valleys" 
between  the  "flowers"  of  the  crystallized  zinc.    This  points  out 
a  very  vital  point  of  weakness  in  any  hot  galvanized  material,  for 
even  though  the  galvanizing  be  perfectly  done,  it  is  impossible  to 
avoid  these  places  of  unevenness  between  the  flowers  which  form  as 
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the  zinc  crystallizes  on  cooling. 

The  figures  (Table  3)  below  indicate  the  number  of  one 
minute  immersions  which  the  material  stood  before  a  permanent  coat- 
ing of  copper  was  formed. 

Table  3 

First  sample  in  each  solution. 


Temperature 

Sp.  G. 

(30°C.)  15° 

30° 

35° 

30° 

1.155 

6  dips 

4 

4 

4 

1.170 

5 

4 

4 

4 

1.185 

5 

4 

4 

4 

1.300 

4 

Second  sample  in 

4 

same  solution. 

4 

4 

1.155 

6 

7 

6 

5 

1.170 

6 

5 

5 

5 

1.185 

4* 

5 

4 

4 

1.300 

4 

4 

4 

4 

♦Probably  an  irregular  sample. 

An  attempt  was  made  to  use  a  solution  of  Sp.  G.  1.315  at 
30°  C.  but  it  was  found  to  be  impractical  for  such  a  solution  is 
supersaturated  at  room  temperatures. 

It  will  be  seen  that  there  is  apparently  no  appreciable 
difference  in  the  speed  of  the  reaction  between  30°  and  30°  C. , 
and  between  the  densities  1.170  and  1.300.    There  is  a  difference 
in  the  speed  of  the  reaction  if  the  solution  has  been  used  before. 
This  difference  is  probably  due  to  the  presence  of  zinc  sulphate 
and  iron  sulphate  as  well  as  to  the  depletion  of  the  solution  with 
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respeot  to  copper  sulphate  content. 

The  principal  significance  of  these  results  ia  that  in 
carrying  out  the  Precce  test  the  concentration  of  the  copper  sul- 
phate solution  may  vary  between  1.170  and  1.200  and  need  not  be 
exactly  1.185.    Nor  is  it  necessary  to  hold  the  temperature  exact- 
ly at  30°  C,  for  if  the  temperature  be  not  lowsr  than  this  at 
the  start,  the  slight  rise  due  to  the  heat  of  the  reaction  will 
be  without  appreciable  effect.     It  is  not  permissable  to  run  sever- 
al samples  through  the  same  solution,  if  comparable  results  are 
desired. 

3.  Lead  Acetate  Test. 

A  solution  of  basic  lead  acetate  was  prepared  by  dis- 
solving 400  grams  of  lead  acetate  in  a  liter  of  water  and  treating 
the  solution  with  10  grams  of  litharge.    This  solution  was  not  di- 
luted, and  no  attention  was  paid  to  its  specific  gravity  or  to  the 
temperature,  because  the  only  thing  desired  from  this  test  was  that 
the  zinc  coating  should  be  stripped.,  and  the  weight  of  the  coating 
thus  obtained.    The  time  element  was  ignored.     The  samples  were 
immersed  in  this  solution  and  removed  from  time  to  time  to  brush 
off  the  lead.     In  some  cases  the  lead  had  a  slight  tendency  to  ad- 
here, and  it  was  necessary  to  scrape  off  such  particles. 

The  results  (Table  3)  represent  the  weight  of  the  coat- 
ing per  square  inch  of  total  surface  exposed. 
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3.  Hydrogen  Evolution  Teat. 

The  rate 

of  hydrogen  evolution  in 

acid  was  measured  by 

suddenly  immersing  the  specimen  in  a  dilute 

solution  of  sulphuric 

acid  and  measuring  the  volume  of  hydrogen  displaced.    The  gas  was 

driven  over  into  a 

water  jacketed  "burette  and  readings  were  taken 
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avery half  minute.  Theae  readings  were  accurate  to  0.5  cc,  except, 
perhaps  in  those  cases  where  the  evolution  was  at  the  rate  of  5C-60 
cc  per  minute. 

The  results  are  indicated  below  (Table  4)  and  the  rank- 
ings of  the  specimens  are  noted,  assuming  that  the  length  of  time 
for  the  hydrogen  evolution  to  reach  a  maximum  wa3  directly  propor- 
tional to  the  resistance  of  the  material  of  the  coating. 


Table  4 

Pipe         acid  1.184  N 

Sample  Time  in  Minutes  Relative  Rank 

P  36  1 

K  16  3 

B  11  3 

S  5  4 

W  4  5 

A3  6 

Sheet  metal. 

#34         C  34  1 

B  15  2 

R  14  3 

L  10  4 

T  9  5 

A  8  6 

#28         OC  18  1 

AA  16  3 

BB  14  3 

RR  13  4 
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Table  4  (Concluded) 

Sample  Time  in  Minutes  Relative  Rank 

1L  9  5 

TT  8  6 


4.  Salt  Spray  Tests. 

a.  Apparatus  and  manipulation. 

Considerable  time  was  devoted  to  the  salt  spray  test  and 
various  modifications  of  the  same. 

The  spray  or  fog  was  originally  produced  by  a  glass  atom- 
izer operated  by  compressed  air.    The  spray  chamber  was  a  large 
bell  jar,  with  an  opening  at  both  top  and  side  near  the  bottom. 
The  entire  apparatus  was  arranged  as  shown  in  Figure  3.     It  will 
be  seen  that  the  spray  was  introduced  at  the  lower  opening,  the 
excess  of  air  escaping  at  the  top,  and  the  condensed  brine  being 
drawn  off  at  the  bottom. 

This  apparatus  did  not  prove  satisfactory,  for  the  spray 
nozzle  was  too  easily  thrown  out  of  adjustment  and  became  clogged 
very  readily.    A  large  reservoir  was  required  for  holding  the  sol- 
ution, or  else  the  repeated  filling  of  a  small  reservoir  was  nec- 
essary.   All  of  this  demanded  close  attention  and  one  could  not  be 
sure  that  the  apparatus  was  running  correctly  unless  it  was  in  ac- 
tual sight.    A  further  source  of  great  inconvenience  was  the  fact 
that  whenever  the  specimens  were  to  be  examined,  the  dismantling 
of  the  whole  apparatus  was  necessary. 

The  first  change  which  was  made  was  in  the  method  for 
producing  the  vapor.    It  was  found  that  a  heavier  vapor  could  be 
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produced  if  a  fine  stream  of  compressed  air  were  introduced  into 
the  solution  and  allowed  to  rush  up  through  the  same.     The  bell 
jar  was  filled  to  a  depth  of  about  an  inch  with  the  brine  and  the 
air  introduced  under  the  surface  by  means  of  a  glass  tube  drawn 
out  to  a  fine  point.    This  was  very  easily  controlled  and  had  the 
further  advantage  of  using  over  and  over  again  the  same  solution 
without  the  necessity  of  frequent  replenishing.    This  method  was 
used  in  the  remainder  of  the  work. 

The  difficulty  and  inconvenience  which  arose  when  an 
inspection  of  the  specimens  was  made  still  remained.  In  order 
to  obviate  this  trouble  a  new  spray  chamber  was  designed. 

The  head  was  removed  from  a  cider  barrel  of  about  ten 
gallons  capacity,  and  a  tight  fitting  lid  made  which  could  be 
easily  removed  and  replaced.     The  lid  was  held  down  by  a  clamp. 
A  oross  section  of  the  chamber  is  shown  in  Figure  4.    The  air 
was  admitted  through  the  hole  at  the  bottom  and  escaped  through 
the  opening  on  the  opposite  side  near  the  top.    This  apparatus 
held  a  large  number  of  specimens  and  was  simple  and  cheap  of 
construction. 

The  spray  was  alternated  with|ordinary  air,  which  hasten- 
ed the  corrosion. 

b.  Solution  used  and  results. 

The  first  solution  used  was  a  saturated  solution  of 
sodium  chloride  in  water.    This  was  found  to  be  easily  controlled, 
and  a  heavy  spray  or  fog  quickly  produced  and  maintained  without 
difficulty.    The  corrosion  from  such  a  mist  was  slow,  but  appar- 
ently evenly  distributed. 
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FIGURE  4 
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Samples  of  pipe  and  sheet  metal  were  placed  in  the  epray 
chamber  with  the  following  results  (Table  5): 

Table  5. 

Pipe 

Sample       Days  before  appearance  of  rust      Relative  lank 


B  *  1 

S  *  3 

X  *  3 

P  41  4 

W  13  5 

A  11  6 


*At  the  end  of  7?  days  these  samples  had  not  failed. 
Their  rank  was  judged  from  the  relative  amount  of  corro- 
sion present  although  there  was  no  rust. 

Sheet  metal. 

Instead  of  noting  the  date  of  the  first  appearance  of 
rust  all  specimens  in  this  test  were  run  for  a  period  of  33  days 
and  the  relative  amount  of  corrosion  at  the  end  of  that  time  es- 
timated.   All  of  the  specimens  had  failed,  though  the  best  of  them 
had  rusted  only  very  slightly  in  a  few  spots.    The  worst  failure 
was  not  especially  bad  but  was  rusty  in  spots  or  pits  which  were 
fairly  evenly  distributed.     Some  of  the  specimens  rusted  to  a 
greater  extent  on  one  side  than  on  the  other. 
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Table  6 


#24 


#28 


Sample 

Relat  ive 

B 

1 

C 

2 

R 

3 

T 

4 

A 

5 

L 

6 

BB 

1 

CC 

2 

TT 

3 

RR 

4 

LL 

5 

AA 

6 

The  need  of  a  more  rapid  corroding  agent  became  appar- 
ent, for  it  is  impractical  to  wait  for  such  a  long  time  for  re- 
sults as  these  experiments  indicated  would  be  necessary  when  us- 
ing the  sodium  chloride  spray.    Various  other  salts  were  there- 
fore tried  in  the  same  kind  of  apparatus. 
Sodium  Bicarbonate. 

A  solution  of  500  grams  of  sodium  bicarbonate  in  2.5 
liters  of  tap  water  was  prepared.    Difficulty  was  experienced  in 
producing  a  spray  with  this  liquid  because  the  glass  jet  clogged 
up  frequently  with  the  solid  salt,  shutting  off  the  air.  Speci- 
mens were  placed  in  this  spray  for  a  period  of  a  week,  but  at  the 
end  of  that  time  there  was  only  a  very  slight  corrosion  and  no 
rust,  so  the  use  of  this  salt  was  abandoned. 
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Sodium  Carbonate. 

Normal  sodium  carbonate  was  tried,  using  a  solution  con- 
taining 350  grams  in  3.5  liters  of  water.    Fog  from  this  solution, 
however,  was  without  rapid  corrosive  effect,  for  at  the  end  of  a 
week  there  was  no  rust  apparent. 
Ammonium  Carbonate. 

It  was  thought  that  solutions  of  salts  which  hydrolyzed 
more  rapidly  and  competely  would  furnish  a  more  powerful  corrosive 
agent,  so  several  salts  of  ammonium  were  tried.    350  grams  of  am- 
monium carbonate  in  3.5  liters  of  water  gave  a  solution  which  hy- 
drolyzed very  rapidly,  but  it  had  only  slight  corrosive  effect. 
At  the  end  of  a  week's  run  there  was  no  rust  on  the  specimens, 
and  only  a  slight  corrosion. 
Ammonium  Nitrate. 

A  solution  of  ammonium  nitrate,  350  grams  in  3.5  liters 
of  water,  was  more  corrosive  than  the  ammonium  carbonate,  but  at 
the  end  of  a  week,  there  was  not  much  rust  apparent  thought  the 
corrosion  was  marked.    In  the  absence  of  a  considerable  amount  of 
rust,  indicating  a  general  failure,  no  attempt  was  made  to  classi- 
fy the  corrosion  relatively. 
Ammonium  Chloride. 

A  solution  of  350  grams  in  3.5  liters  of  water  was  tried 
for  a  week.    At  the  end  of  that  period  there  was  no  rust  apparent 
so  the  experiment  was  stopped. 

A  solution  of  500  grams  in  3.5  liters  of  water  was  also 
used.    At  the  end  of  a  week  some  of  the  samples  were  almost  com- 
pletely covered  with  rust.    The  results  are  tabulated  below  (Table 
7). 
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Table  7 

Pipe  At  the  end  of  14  days. 

Sample  Condition  Relative  Rank 

B  No  rust  1 

S  No  rust  3 

K  No  rust  3 

P  Decided  failure  4 

W  Large  patches  of  rust  5 

A  Complete  failure  6 
Sheet  metal      At  the  end  of  7  days 

#34  T  No  rust  1 
L  3 
R  3 
C  4 
A  5 

B  Very  rusty  6 

#38  AA  Slightly  rusty  1 
LL  3 
BB  3 
CC  4 
RR  5 

TT  Very  rusty  6 


5.  Wet  and  Dry  Tests 

a.  Apparatus  and  manipulation 

The  very  great  corrosion  of  metals  subjected  to  alternate 
wetting  and  drying,  such  as  iron  on  certain  parts  of  a  boat  which 
are  exposed  to  the  lapping  of  the  waves,  suggested  that  a  test  em- 
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bodying  this  principle  would  approach  nearer  actual  service  condi- 
tions than  some  of  the  tests  now  used,  and  that  by  a  proper  selec- 
tion of  a  solution  to  which  to  submit  the  article,  and  by  rapidly 
alternating  the  wetting  and  drying,  an  acceleration  of  corrosion 
might  be  possible  which  would  still  represent  the  manner  in  which 
the  article  would  resist  weather  conditions. 

An  apparatus  was  devised  which  would  dip  the  article  in- 
to the  desired  solution  at  regular  intervals.    The  arrangement  as 
shown  in  Figure  5  is  really  very  simple,  consisting  of  a  series  of 
pulleys  run  by  a  motor,  the  last  pulley  having  a  knob  which  at  a 
certain  place  in  its  revolution  struck  a  lever,  causing  the  same 
to  dip  downward. 

The  action  of  the  solutions  at  room  temperature  was  tried, 
as  was  also  the  action  at  elevated  temperature.    The  latter  condi- 
tion would  have  the  double  advantage  of  increasing  the  speed  of  the 
reaction  between  the  solution  and  the  zinc,  and  of  causing  a  more 
rapid  drying  which  would  permit  more  frequent  dipping.   'The  eleva- 
ted temperatures  were  produced  by  an  electric  stove,  and  the  con- 
centration of  the  solution  was  kept  constant  by  means  of  a  siphon 
arrangement  which  automatically  regulated  the  volume  of  the  solu- 
tion.   Figure  6  shows  its  very  simple  arrangement, 
b.  Solutions  used  and  results. 

The  first  solution  tried  was  a  saturated  solution  of 
sodium  chloride  at  room  temperature.    The  apparatus  was  geared  to 
dip  every  17  seconds.    At  the  end  of  a  week  the  gears  were  slowed 
down  to  one  dip  every  57  seconds.    This  was  still  too  fast,  however, 
for  the  specimens  did  not  dry  between  dips,  as  was  the  object  of 
the  test.    At  the  end  of  15  days  there  was  no  marked  corrosion  and 
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FIGURE  6 
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no  rust  apparent* 

A  hot  solution  of  sodium  chloride,  250  grams  in  2.5 
liters  of  water  was  also  used.  The  temperature  of  this  solution 
and  all  other  solutions  called  hot  in  this  work  was  60°  -  65°  C. 
The  apparatus  was  geared  so  that  it  dipped  once  every  three  min- 
utes. This  speed  was  maintained  during  the  rest  of  the  work. 
The  specimens  dried  between  each  dip.  The  samples  unless  other- 
wise indicated  were  of  sheet  metal. 

At  the  end  of  about  ten  hours  there  was  some  slight 
corrosion  apparent  but  no  failure,  that  is,  no  rust.    No  attempt 
was  made  to  classify  the  samples. 
Calcium  Chloride. 

A  solution  of  250  grams  of  technical  calcium  chloride 
was  prepared  and  used  hot.    The  samples  were  submitted  to  the  test 
for  a  period  of  ten  and  one-half  hours,  but  there  was  no  failure. 

Another  250  grams  of  calcium  chloride  were  added  to  the 
above  solution  and  the  dipping  continued  for  a  period  of  seven  and 
one-half  hours,  but  there  was  no  failure,  though    there  was  some 
corrosion. 

Sodium  Acid  Sulphate. 

250  grams  of  fused  NaaSsO?  were  dissolved  in  2.5  liters 
of  water,  and  the  solution  used  hot.    The  reaction  between  the  zinc 
and  the  solution  was  rapid,  and  in  a  short  time  all  of  the  coating 
had  been  removed,  but  there  was  no  rust.    The  sample  had  simply 
been  pickled. 

Magnesium  Chloride. 

The  corrosive  action  or  water  containing  magnesium  chlor- 
ide when  used  for  boilers,  suggested  the  use  of  this  salt.  250 
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grams  of  it  were  dissolved  in  2.5  liters  of  water,  and  the  solution 
used  hot.     After  a  period  of  about  ten  and  one-half  hours  there  was 
no  failure,  and  only  a  very  slight  eorrosion. 
Ammonium  Nitrate. 

A  hot  solution  of  250  grams  of  ammonium  nitrate  in  2,5 
liters  of  water  was  tried.    At  the  end  of  nine  and  one-half  hours 
there  was  no  failure. 
Ammonium  Chloride. 

A  solution  of  ammonium  chloride,  250  grams  in  2.5  liters 
of  water,  gave  a  decidedly  more  rapid  reaction.  After  a  period  of 
twenty  hours  of  dipping  at  room  temperature  some  of  the  samples  had 
failed  quite  markedly.  Others  had  rusted  but  slightly,  and  as  the 
relative  amount  of  corrosion  was  not  perfectly  clear,  no  classifi- 
cation of  results  was  made. 

Ammonium  chloride  solution  of  the  same  strength,  when  hot 
had  a  still  more  rapid  reaction.  Failure  of  the  specimens  occurred 
in  a  few  hours.    The  accompanying  table  (Table  8)  gives  the  results. 

Table  8. 

Sample  Condition  after  7-1/2  hours.    Relative  Rank 


#24            T  No  rust  1 

L  2 

B  3 

C  4 

R  5 

A  Quite  rusty  6 
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Table  8  (Concluded) 

Sample 

Condition  after  8-1/2  hours 

Relative  Rank 

#28  CC 

Markedly  rusty 

1 

BB 

2 

RR 

3 

LL 

4 

TT 

5 

AA 

Very  rusty 

6 

A  more 

concentrated  solution  of  ammonium  chloride  was 

used,  500  grams  of  the  salt  being  dissolved  in 

3.5  liters  of  water. 

The  corrosion 

was 

rapid.    The  following  table 

(Table  9)  gives  the 

results  for  a 

hot 

solution. 

Table  9 

Sample 

Condition  after  6  hours 

Relative  Rank 

#34  C 

Slight  failure 

1 

T 

3 

B 

3 

A 

4 

L 

5 

R 

Very  rusty 

6 

#38 

3-1/2  hours 

CC 

Slight  failure 

1 

BB 

3 

TT 

3 

AA 

4 

LL 

5 

RR 

6 
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Table  9  (Concluded) 

Pipe 

Sample  Condition  after  6  hours         Relative  Rank 

P  Rusty  in  spots  1 

K  3 

W  3 

S  4 

B  5 

A  6 

The  results  of  this  test  with  pipe  were  not  satisfactory. 
The  zinc  was  apparently  all  removed  in  some  instances,  and  yet  no 
rust  was  apparent. 

Calcium  Hypochlorite. 

The  results  with  calcium  hypochlorite  were  negative,  both 
at  room  temperature  and  at  elevated  temperature.    250  grams  of  the 
substance  were  added  to  3.5  liters  of  water,  and  the  test  first  run 
without  filtering.    The  lime  was  then  filtered  off  and  the  test  con- 
tinued, but  in  neither  case  was  the  corrosion  marked,  and  there  were 
no  failures. 

Calcium  Hypochlorite  and  Ammonium  Chloride. 

At  the  conclusion  of  the  test  just  mentioned,  350  grams 
of  ammonium  chloride  were  added  to  the  solution  and  the  test  contin- 
ued at  elevated  temperature.    The  corrosion  was  rapid,  and  the  rust 
in  abundance.    Table  10  contains  the  results. 
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Table  10 

Sample           Condition  after  4  hours  Relative  Rank 

#24            B  Slight  failure  1 

L  2 

C  3 

R  4 

T  5 

A  Quite  rusty  6 

#28  3-3/4  hours 

BB  Slight  failure  1 

LL  2 

RR  3 

CC  4 

TT  5 

AA  Bad  failure  6 


III.  DISCUSSION  OF  RESULTS 
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The  following  table  (Table  11)  ehows  the  comparative  re- 
sults of  the  tests.    The  figures  give  the  relative  rank  of  the  dif- 
ferent samples  by  the  particular  test  indicated. 

Table  11 


Sheet 

metal , 

Gauge 

34 

B 

A 

T 

k 

c 

R 

Preece 

1 

3 

3 

4 

5 

6 

Lead  Acetate 

1 

6 

4 

3 

3 

5 

Hydrogen  Evolution 

3 

6 

5 

4 

1 

3 

NaCl  ) 

)Salt  Spray 

NH4CI  ) 

1 

6 

5 
5 

4 
1 

6 
3 

3 
4 

3 
3 

NH4CI  j 
350  gms, 

Wet  and 

3 

6 

1 

3 

4 

5 

NH4CI  ' 
500  gms  ( 

CaOCls&] 
NH4CI  ; 

)  Dry 
60°-65°C. 

•z 
1 

4. 

6 

0 
0 

5 

3 

3 

4 

Total  points 

18 

40 

35 

38 

33 

35 

Final  rank 

1 

6 

3 

4 

3 

5 

Sheet 

metal , 

Gauge 

38 

LL 

CC 

BB 

AA 

TT 

RR 

Preece 

1 

3 

3 

4 

5 

6 

Lead  Acetate 

6 

1 

3 

3 

5 

4 

Hydrogen  Evolution 

5 

1 

3 

3 

6 

4 

NaCl  ) 

)Salt  Spray 

NH4CI  ) 

5 

3 

3 
4 

1 

3 

6 
1 

3 

6 

4 
5 
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Table  11  (Concluded) 


LL 

CC 

BB 

AA 

TT 

BR 

nh*ci  ; 

250  otis  , 

Wet  and 

4 

1 

2 

6 

5 

3 

NH+Cl  \ 
500  gma, 

CaOCl2&, 
NH4CI  ) 

)  Dry 
60°-65°C. 

5 
2 

1 
4 

2 
1 

4 

6 

3 
5 

6 
3 

Total  points 

30 

16 

17 

32 

38 

35 

Final  rank 

3 

1 

2 

4 

6 

5 

Pipe  and 

Conduit 

B 

K 

S 

P 

W 

A 

Preece 

1 

2 

3 

4 

5 

6 

Lead  Acetate 

2 

1 

3 

4 

5 

6 

Hydrogen  Evolution 

3 

2 

4 

1 

5 

6 

NaCl  ) 

)Salt  Spray 

NH4CI) 

1 
1 

3 
3 

2 
2 

4 
4 

5 
5 

6 
6 

NEUC1,  )Wet  &  Dry 
500  gms)60°-65°C. 

5 

2 

4 

a 

3 

6 

Total  points 

13 

13 

18 

18 

28 

36 

Final  rank 

1 

2 

3 

4 

5 

6 

Since  insufficient  time  has  elapsed  for  results  of  the 
exposure  tests  to  be  evident,  the  actual  relative  merit    of  the 
samples  is  unknown.     If,  however,  we  make  a  final  ranking  on  the 
results  of  all  the  tests  averaged  together,  we  may  be  fairly  sure 
perhaps  that  the  relative  merits  of  the  different  samples  is  about 
as  indicated.    The  final  column  in  the  preceding  table  gives  these 
results. 

In  order  to  see  how  nearly  each  test  agreed  with  these 


-39- 


final  results  the  following  table  (Table  12)  is  compiled,  giving 
the  number  of  samples  out  of  the  whole  on  which  the  test  agrees 
with  the  final  result,  the  number  on  which  it  differs  in  one  point 
in  the  rank,  and  the  number  of  instances  in  which  there  is  a  dif- 
ference of  three  points  or  more. 

Table  12 

Test  Agreements       One  point  dif.    Three  or  more  points 

difference 


Preece  10  5  2 

Lead  acetate  10  7  1 

Hydrogen  Evolution  7  5  1 

NaCl  Spray  7  7  1 

NH*C1  Spray  6  5  3 

NH*C1  dip  4  3  0 
(350  gms)* 

NH4CI  dip  5  6  3 
(500  gms) 

CaOCl2  &  NH^Cl  *  3  5  1 


*  Only  13  samples.     In  other  cases  there  were  18  samples. 

If  the  assumption  that  the  ranting  determined  above  by 
averaging  the  various  tests  is  correct,  it  would  seem  that  the 
Lead  Acetate  test  was  the  most  reliable  of  any  used.    This  simply 
means  that  the  weight  of  the  protective  coating  has  more  influence 
upon  its  resistive  powers  than  the  other  factors  concerned. 

This  conclusion  is  probably  too  hasty,  however.  It  must 
be  remembered  that  the  Lead  Acetate  test  has  been  carefully  stan- 
dardized and  the  salt  spray  tests  and  the  wet  and  dry  tests  used 
have  not.    Moreover,  the  results  indicated  for  the  Lead  Acetate 
test  and  the  Preece  test  are  the  averages  of  several  determinations 
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in  some  cases  and  the  results  for  the  other  tests,  are  for  the 
first  trial  ever  made,  and  for  only  one  trial.     Time  prevented  a 
larger  number  of  determinations  with  these  tests,  but  they  will 
be  further  developed  before  the  results  of  the  exposure  tests  are 
ready. 

It  is  also  true  that  the  Lead  Acetate  is  too  technical 
a  test  for  shop  manipulation,  and  hence  its  use  is  very  limited. 

It  would  seem  that  with  more  careful  standardization, 
the  salt  spray  test,  using  the  improved  spray  chamber  and  the 
more  rapid  corroding  agents  such  as  ammonium  chloride,  would  give 
a  quick  and  reliable  method  of  testing  which  could  be  easily  car- 
ried out  in  the  shop  by  an  unskilled  laborer. 

The  wet  and  dry  tests  are  of  less  wide  application  be- 
cause of  the  more  complex  apparatus.    Onoe  the  apparatus  is  arrang- 
ed, however,  the  test  is  simple,  and  much  more  rapid  than  the  salt 
spray  tests,  and  with  a  little  further  standardization  would  pro- 
bably give  very  reliable  results. 
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IV.   SUMMARY  AND  CONCLUSIONS 

(1)  A  study  of  the  various  methods  for  testing  zinc 
coated  materials  was  made.    Tables  are  given  showing  the  compara- 
tive results. 

(2)  Exposure  teste  are  being  carried  on,  the  results  of 
which  will  be  taken  as  the  final  standard  in  judging  the  merit  of 
the  different  tests.  The  results  of  these  exposure  tests  will  be 
appended  later. 

(3)  A  new  apparatus  for  applying  the  salt  spray  test 
was  devised. 

(4)  Solutions  of  salts  of  the  type  of  ammonium  chloride 
give  more  rapid  corrosion  than  sodium  chloride,  the  material  orig- 
inally used  for  the  salt  spray  test. 

(5)  A  new  test  called  the  "Wet  and  Dry  Test"  was  devised. 
This  test  gives  more  rapid  results  than  the  salt  spray  test,  and 
has  the  same  advantage  that  the  failure  is  indicated  by  actual  rust, 
as  in  service. 

(6)  A  study  of  the  influence  of  temperature  and  concen- 
tration of  the  copper  sulphate  solution  in  the  Preece  test,  indicates 
that  a  variation  of  density  between  1.170  and  1.200,  and  a  variation 
of  temperature  between  20°  and  30°  C.  is  permissible,  but  the  re- 
peated use  of  the  same  solution  of  copper  sulphate  is  not  permissabla 

(7)  Microphotographs  showing  the  variation  in  the  struc- 
ture of  galvanized  iron  from  different  processes  are  shown. 

(8)  There  is  need  of  a  low  melting  alloy  with  a  hardness 
approaching  that  of  iron,  for  use  in  mounting  metallographic  speci- 
mens. 
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V.  SURVEY  OF  THE  LITERATURE 
Preece  Test 

Between  1880  and  1890  Sir  W.  H.  Preece*  Chief  of  the 

♦History  and  Development  of  the  Galvanizing  Industry ,Meaker  Co. , 
 Chicago,  Illinois.  

British  Post  Office  Telegraphs,  devised  the  Copper  Sulphate  test 
which  later  took  his  own  name.    This  test  depends  upon  the  fact 
that  while  both  zinc  and  iron  will  displace  copper  from  its  salts, 
the  copper  plated  out  on  zinc  is  more  or  less  different  in  form 
and  appearance  from  that  plated  out  on  iron.    A  saturated  solution 
of  copper  sulphate  in  water  is  prepared  and  treated  with  an  excess 
of  cupric  oxide  to  neutralize  any  free  acid  which  may  be  present. 
The  solution  is  then  diluted  to  a  density  of  1.185  at  65°  F.  Art- 
icles to  be  tested  are  carefully  cleaned  of  all  dirt  and  grease 
by  washing  in  water  followed  by  gasoline  or  benzine,  then  quickly 
rinsed  and  dried.    The  specimen  is  given  successive  dips  of  one 
minute's  duration  in  this  solution  at  65°-70°F.,  rinsing  and  wip- 
ing or  brushing  to  remove  the  copper  after  each  immersion.  The 
number  of  dips  which  the  article  will  stand  before  an  adherent 
form  of  copper  is  produced  which  has  a  characteristically  bright 
color  showing  the  removal  of  all  zinc  at  that  point  is  taken  as 
indicative  of  the  protective  efficiency  of  the  coating. 

Although  this  test  is  the  one  most  used  at  the  present 
time,  there  are  many  objections  which  have  been  raised  against  it. 
Professor  W.  H.  Walker*  of  the  Massachusetts  Institute  of  Technology 
*W.  H.  Walker         Proc.  Am.  Soc.  Tstg.  Materials      9,  431 
has  pointed  out  that  the  accuracy  of  the  test  depends  upon  the 
assumption  that  the  rate  of  reaction  between  the  zinc  and  the  copper 
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sulphate  is  constant,  and  that  the  time  taken  to  dissolve  the  coat- 
ing will  therefore  be  a  measure  of  its  thickness  and  hence  its  effi- 
ciency.   He  has  shown*  that  the  composition  of  the  coating  varies 
*W.  H.  WaTker  Journal  Indv  &  Eng.  Chem.     T,  397 

with  the  different  methods  of  its  production,  and  that  while  in 
one  process  we  may  have  a  coating  of  pure  zinc,  by  another  process 
we  may  get  a  series  of  alloys,  varying  from  the  zinc  on  the  outside 
through  zinc  iron  alloys  down  to  the  base  metal  itself.    These  iron 
zinc  alloys  have  a  different  potential  from  the  pure  zino  and  hence 
their  rate  of  solution  will  be  different.    The  length  of  time  nec- 
essary for  solution  does  not,  therefore,  measure  the  weight  of  the 
coating.     It  has  been  answered  that  while  zinc  coatings  from  differ- 
ent processes  will  have  a  different  rate  of  solution  in  copper  sul- 
phate and  while  the  test  will  not  accurately  indicate  the  weight  of 
the  coating,  it  nevertheless  does  indicate  the  life  of  the  material 
being  tested  for  the  coating  will  resist  natural  forces  of  corrosion 
in  exactly  the  same  relative  manner.    This  assumption  is  not  substan- 
tiated by  experimental  data. 

Furthermore,  there  is  always  more  or  less  uncertainty 
about  the  end  point  of  the  Preece  test,  because  the  appearance  of 
the  two  forms  of  copper  is  not  so  different  that  confusion  is  al- 
ways eliminated,  even  though  one  resort  to  the  vigorous  brushing 
as  suggested  by  Trood*  as  being  a  necessity  in  certain  cases.  Es- 
*  Samuel  Trood  Iron  Age  Au^usTTT rT9lT  _ 

pecially  is  this  true  when  alloys  high  in  iron  are  present.  Wiping 
and  brushing  may  lead  to  a  burnishing  effect,  which  would  lead  to 
erroneous  conclusions.    It  is  also  to  be  expected  that  small  cracks 
and  scatches  in  the  coating  might  be  filled  when  wiping  or  brushing 
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and  henoe  their  presence  not  detected.    The  purity  of  the  coating 
is  not  indicated  by  this  teat,  except  in  an  indirect  manner,  and 
the  purity  of  zinc  has  a  great  influence  upon  its  solution  rate. 

Lead  Acetate  Test 

Several  tests  have  been  proposed  to  replace  the  Preece 
test.    The  basic  Lead  Acetate  test  by  Walker  and  Patrick*  consists 
♦PatriclTand  Walker.      J.  Ind.  &  Eng.  "Ohem.       "3,340       m  ~~ 
in  dipping  into  a  standard  solution  prepared  by  dissolving  400  grams 
of  lead  acetate  in  a  liter  of  water,  adding  4  grams  of  litharge, 
decanting  from  any  settling  material  and  diluting  to  a  speoific 
gravity  of  1.375  at  15.5°0.    This  solution  dissolves  both  zinc 
and  zinc  iron  alloys  but  does  not  dissolve  iron.    The  coating  is 
stripped  from  a  known  area  by  repeated  immersion  of  the  properly 
cleaned  sample  in  the  solution  at  any  convenient  temperature,  fol- 
lowed by  brushing  off  the  loosely  adherent  lead.    The  loss  in  weight 
of  the  sample,  or  a  determination  of  the  lead  precipitated,  gives 
the  weight  of  the  coating.    By  estimating  the  amount  of  iron  in  the 
solution,  one  has  the  amount  which  was  present  as  an  alloy  of  zinc. 

The  weight  of  the  coating  per  unit  of  area  does  not,  how- 
ever, alone  determine  the  efficiency  of  the  coating,  for  other  fac- 
tors enter  into  its  resistance  to  corrosion.     The  test  is  open  to 
the  further  objection  that  it  is  distinctly  a  laboratory  test  and 
not  capable  of  shop  use. 
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Caustio  Soda  Teat 

Another  teat  which  has  met  with  only  limited  use  is 
Walker's*  Caustio  Soda  test.    A  piece  of  zinc  coated  iron  may  be 
♦W.  H.  WalkeY,    Proc.  Am.  Soc.  Tstg.  Materials  ^9,431 
tested  for  imperfections  in  the  coating,  such  as  pin  holes  and 
scratches,  by  dipping  the  specimen  in  a  solution  of  oaustic  soda 
heated  to  210°  F.     If  the  surface  of  the  iron  is  exposed  a  stream 
of  hydrogen  bubbles  will  be  seen  coming  from  the  spot  of  the  ex- 
posure.   This  is  the  only  thing  claimed  for  the  test,  and  while 
this  may  detect  some  imperfections  it  obviously  gives  no  indica- 
tion of  the  protective  efficiency  of  a  continuous  coating, 

Hydrogen  Evolution  Test 3 

Walker  has  proposed  also  a  test*  depending  on  the  rate  of 
♦W.  H.  'Walker         Proc.  Am"." "Soc.  Tstg.  Materials  9,431 
hydrogen  evolution  when  a  specimen  is  immersed  in  a  standard  acid. 
The  test  assumes  that  since  pure  zinc  will  not  dissolve  in  acid  or 
dissolves  very  slowly,  the  speed  of  the  reaction  as  measured  by  the 
rate  of  evolution  of  the  gas  will  be  directly  proportional  to  the 
amount  of  impurities  present.     It  is,  however,  highly  probable  that 
not  all  things  which  would  accelerate  this  reaction  should  be  class' 
ed  as  deleterious,  for  their  resistance  to  natural  corrosion  may  be 
entirely  different. 

C.  F.  Burgess*  has  suggested  a  test  quite  similar  to  that 
*C.  F.  Burgess,  Electro  Chem.  &Met.  IndT        3,17         ~"      "  ~ 
last  mentioned.    A  two-thirds  normal  solution  of  sulphuric  acid 
is  used,  and  the  loss  in  weight  of  a  sample  in  this  is  noted,  to- 
gether with  the  length  of  time  necessary. to  get  a  complete  solution 
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of  the  zinc.     Taking  this  aa  a  criterion  of  the  merit  of  the  sample 
is  not  only  open  to  the  criticism  against  the  test  mentioned  just 
above,  but  it  is  open  to  objection  that  the  end  point  must  be  more 
or  less  obscure  inasmuch  as  the  iron  itself  will  displace  hydrogen 
from  sulphuric  acid. 

Mechanical  Tests 

Tests  of  the  adherence  of  the  zinc  coating  have  been  work- 
ed out  by  Burgess* .    A  piece  of  iron  is  carefully  soldered  to  the 
»C.  F.  Burgess  EleatrTTcHem.  &  Met.     Ind.~      3,  17 

zinc  and  the  amount  of  force  necessary  to  pull  off  the  zinc  coating 
is  measured.      The  test  as  the  author  himself  points  out  may  lead 
to  incorrect  results  due  to  a  change  in  the  character  of  the  coat- 
ing taking  place  during  soldering,  even  though  the  temperature  be 
carefully  controlled.    The  test  can  not  conveniently  be  applied  to 
articles  which  do  not  possess  a  flat  surface. 

In  addition  Burgess  has  tried  the  effect  of  alternately 
heating  and  cooling  the  sample,  of  bending  tests,  of  rolling  between 
iron  cylinders,  and  of  subjecting  the  specimen  to  the  abrasive  action 
of  quartz  sand  in  a  rotating  drum. 

Each  of  these  tests  may  throw  some  light  on  the  merit  of 
the  article  being  examined,  but  no  one  of  them  in  itself  is  suffi- 
cient to  justify  in  all  cases  the  formation  of  an  opinion  as  to  the 
actual  period  of  service  to  be  expected  from  the  material.  Moreover, 
the  manner  of  carrying  out  these  tests  is  such  that  their  wide  ap- 
plication and  adoption  is  obviously  impracticable. 
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Salt  Spray  Teat 

J.  A.  Capp*  of  the  General  Electric  Company  has  recently 
♦J,  A>  Capp  Metal  Industry'  13,  303 

devised  the  Salt  Spray  Test,  suggested  by  their  method  of  te3ting 
insulating  materials.    It  consists  in  submitting  the  sample  to  an 
atmosphere  of  fog  from  a  saturated  solution  of  sodium  chloride, 
and  noting  the  time  elapsing  before  the  appearance  of  rust.  This 
test  has  not  yet  been  in  general  use,  and  is  probably  capable  of 
much  further  development.    As  it  now  is,  it  is  too  slow  for  prac- 
tical work,  for  a  good  article  will  stand  up  under  the  test  for 
weeks  or  even  months. 


